Insulin activation of vacuolar protein sorting 34 mediates localized phosphatidylinositol 3-phosphate production at lamellipodia and activation of mTOR/S6K1.
The class III phosphatidylinositol 3-kinase, VPS34, phosphorylates the D3 hydroxyl of inositol generating phosphatidylinositol 3-phosphate (ptdins(3)p). Initial studies suggested that ptdins(3)p solely functioned as a component of vesicular and endosomal membranes and that VPS34 did not function in signal transduction. However, VPS34 has recently been shown to be required for insulin-mediated activation of S6 kinase 1 (S6K1). Whether VPS34 activity is directly regulated by insulin is unclear. It is also not known whether VPS34 activity can be spatially restricted in response to extracellular stimuli. Data presented here demonstrate that in response to insulin, VPS34 is activated and translocated to lamellipodia where it produces ptdins(3)p. The localized production of ptdins(3)p is dependent on Src phosphorylation of VPS34. In cells expressing VPS34 with mutations at Y231 or Y310, which are Src-phosphorylation sites, insulin-stimulated VPS34 translocation to the plasma membrane and lamellipodia formation are blocked. mTOR also colocalizes with VPS34 and ptdins(3)p at lamellipodia following insulin-stimulation. In cells expressing the VPS34-Y231F mutant, which blocks lamellipodia formation, mTOR localization at the plasma membrane and insulin-mediated S6K1 activation are reduced. This suggests that mTOR localization at lamellipodia is important for full activation of S6K1 induced by insulin. These data demonstrate that insulin can spatially regulate VPS34 activity through Src-mediated tyrosine phosphorylation and that this membrane localized activity contributes to lamellipodia formation and activation of mTOR/S6K1signaling.